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@ Integral gas seal for fuel cell gas distribution assemblies and method of fabrication. 

@ A porous gas distribution plate assembly for a fuel cell 
suchas abij^^ 

wherein the bipolar assembly has good surface porosity but no 

through-plane porosity and wherein electrical conductivity 

through the Impervious region is maintained. A hot-pressing 

process for forming the bipolar assembly includes placing a 

layer of thermoplastic sealant material between a pair of po- 
rous, electrically conductive plates, applying pressure to the 

assembly at elevated temperature, and allowing the assembly 
Q| to cool before removing the pressure whereby the layer of 
gjftt sealant material is melted and diffused into the porous plates 

to form an impervious bond along a common interfaces be- 
a tween the plates holding the porous plates together. The distri- 
JjJ bution of sealant within the pores along the surface of the 
IO plates provides an effective barrier at their common interface 
V* against through-plane transmission of gas. 
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INTEGRAL GAS SEAL FOR FUEL 
CELL GAS DISTRIBUTION ASSEMBLIES 
AND METHOD OF FABRICATION 



BACKGROUND 



The present invention relates to improved gas 
distribution assemblies for use in fuel cells, fuel 
cells employing such elements, and processes and appa- 
ratus for making such elements. 

Reference is hereby made to other related 
patent applications which are assigned to the same as- 
signee as the present application; application of H. 
Feigenbaum and A. Kaufman entitled "Integral Gas Seal 
For Fuel Cell Gas Distribution Plate" , Serial 430,453, 
Filed on 9/30/82; application of H. Feigenbaum and S. 
Pudick entitled "A Process For Forming Integral Edge 
Seals In Porous Gas Distribution Plates Utilizing A 
Vibratory Means", Serial No. 430,291, Filed on 9/30/82 
and application of H. Feigenbaum, S. Pudick and R. 
Singh entitled "Edge Seal For Porous Gas Distribution 
Plate Of A Fuel Cell", Serial No. 430,142, Filed on 
9/30/82. 

Fuel cell design and operation generally in- 
volves conversion of a hydrogen-containing fuel and 
some - oxidant via an exothermic reaction into D.C. 
electrical power. This reaction is well-known and has 



-2- 



0122150 



established parameters and limitations. It has been 
known for some time that fuel cells can be extremely 
advantageous as power supplies, particularly for cer- 
tain applications such as a primary source of power in 
remote areas. It is highly desirable that any such 
cell assembly be extremely reliable. Various fuel cell 
systems have been devised in the past to accomplish 
these purposes. Illustrative of such prior art fuel 
cells are those shown and described in U.S. Patent num- 
bers 3,709,736, 3,453,149 and 4,175,165. A detailed 
analysis of fuel cell technology comparing a number of 
different types of fuel cells appears in the "Energy 
Technology Handbook" by Douglas M. Consadine, published 
in 1977 by McGraw Hill Book Company at pages 4-59" to 
4-73. 

U.S. Patent number 3,709,736, assigned to the 
assignee of the present invention, describes a fuel 
cell system which includes a stacked configuration com- 
prising alternating fuel cell laminates and electrical- 
ly and thermally conductive impervious cell plates. 
The laminates include fuel and oxygen electrodes on 
either side of an electrolyte comprising an immobilized 
acid. U.S. Patent 3,453,149, assigned to the assignee 
of this invention, is illustrative of such an 
immobilized acid electrolyte. The fuel cells further 
comprise gas distribution plates, one in electrical 
contact with the anode and one in electrical contact 
with the cathode. The gas distribution plates conduct 
the reactant materials (fuel and oxidant) to the fuel 
cell. 

In order to electri cally interconnect a group 
of discrete cells to form one larger fu el cell stack, 
bipolar assemblies are commonly used. For instance, in 
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U.S. Patent 4,175,165, assigned to the assignee of the 
present invention, a stacked array of fuel cells is de- 
scribed wherein reactant gas distribution plates in- 
clude a plurality of gas flow channels or grooves for 
the distribution of the reactants. The grooves for the 
hydrogen gas distribution are arranged orthogonally 
relative to the grooves for the oxygen distribution. 

The gas distribution plates themselves, 
whether they are part of termination assemblies having 
individual distribution plates for one or the other of 
the reactants or bipolar assemblies having two dis- 
tribution plates for distributing both reactants in 
accordance with this disclosure, are formed of an elec- 
trically conductive impervious material. Where bipolar 
plates are prepared from a non-porous material, such as 
aluminum, the plate is typically coated with a layer of 
non-corrosive material, such as gold, so as to 
effectively isolate it from the corrosive agents, such 
as . -the electrolyte, within the fuel cell environment. 
In more recent fuel cell designs, theqa s^ distribution 
glates of such assemblies^ are formed of a porous mate- 
rial ^so that a more uniform and complete fl ow of gas 
ov er the elec trode surface is provided. 

In previous systems wherein nonporous gas 
distribution plates were utilized, the reactants always 
flowed only through the grooves and were contained by 
the walls thereof. However, in the more recent systems 
utilizing porous plates, _i t has been necessary to seal 
the por ous plates alon g "the edges, an d in bipolar as- 
semblies", to segregatePthe reactants^from one another 
to avoid their unintended mixing which could cause the 
cells to operate improperly or fail altogether. 

Various techniques for sealing such porous 
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gas distribution plates are known. In one such ap- 
proach, an impervious plate is placed between the gas 
distribution plates forming a bipolar assembly to pre- 
vent the reactants from mixing together. In another 
prior art approach, a sealed bipolar plate is mad e up 
o f a porous car bon plate layer which is first grooved 
tQ Pj- ° vide tli e reacta nt channels . Then, five or six 
"layers of suitable material such as a resin or carbon 
material are placed on or impregnated into all sur- 
faces. However, in this arrangement, the sealing layer 
is very thin and if damaged, exposes the original po- 
rosity of the porous carbon plate. Although this tech- 
nique precludes unintended gas transmission, it can 
result in inadequate electrical contact between such 
contiguous layers and cells. 

In the area of cooling assemblies typically 
used in larger stacks of fuel cells, a technique has 
been devised in which a sealant film and additional 
conductive materials are sandwiched between two plates 
to provide a bridging electrical contact across the 
inter facial boundary which separates them. This tech- 
nique is disclosed in a copending, commonly assigned, 
U.S. Application entitled "Film Bonded Fuel Cell Inter- 
face Configuration" by A. Kaufman and P. Terry, Serial 
No. 430,148, Filed on 9/30/82. This arrangement pro- 
vides effective containment of free electrolyte, a cor- 
rosive agent, from the cooling assembly as well as good 
electrical conductivity. However, it is readily appar- 
ent that this approach introduces additional components 
at the interface of such plates which can complicate 
manufacture and assembly. 

A number of techniques have been disclosed in 
the prior art relating to the preparation of plates in 
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fuel cells. These include U.S. Patents 2,969,315; 
3,223,556; 3,479,225; 3,779,811; 3,905,832; 4,035,551; 
4,038,463; 4,064,322; and 4,311,771. For instance, the 
•315 patent discloses a fuel cell configuration in 
which a bipolar plate is fabricated by deposition of 
two layers of porous nickel on opposite sides of a com- 
mon support. This common support effectively precludes 
gas transmission between the two porous nickel layers. 
Each of the two porous layers can be formed from a 
nickel powder by sintering the powder on the support 
layer . 

The '556 patent discloses a fuel cell config- 
uration in which a gas impermeable layer, moistened 
with electrolyte, is disposed intermediately between 
two layers of porous material containing the deposited 
catalyst on its respective surface opposite the gas 
impermeable layer. Electrical contact between these 
porous layers is achieved through an external circuit 
which connects an electrical grid within each catalyst 
to an incandescent lamp. The gas impermeable member 
which separates each of the porous plates from one an- 
other does not apparently bond the two porous plates to 
the other. The physical integrity of this composite is 
maintained by some other means. 

The '225 patent discloses air and oxygen 
depolarized electrochemical units for electrochemical 
generation of electric current. This device is of a 
modular cell construction having a replaceable modular 
anode. The anode illustrated for this device is itself 
of a composite construction whereby two separate paral- 
lel plates of the anode module are bisected by an in- 
sulating layer. This insulating layer is gas trans- 
missive but exclusive of fuel transfer therebetween. 
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The 1 771 patent discloses a permselective bipolar mem- 
brane for electrodialyte cells, the permselective mem- 
branes comprising two layers of weakly dissociated ion 
exchange materials in intimate contact with one anoth- 
er. 

The '811, «322, and '463 patents disclose a 
system for maintaining the proper fluid balance within 
a fuel cell by separation of the volume tolerance of 
the cell from its electrochemical balance. This is 
achieved by providing a porous back-up plate to each 
anode and cathode. This plate serves as a reservoir 
for storing excess fluid produced during the 
electrochemical reaction of oxygen and hydrogen and for 
replenishment of electrolyte which is lost as a result 
of high temperature operation. Each of the porous 
back-up plates is connected to either the anode or the 
cathode by means of a series of porous pins. The '322 
patent discloses that the catalyst containing layer 
contiguous to the electrolyte reservoir is impregnated 
with a hydrophobic material "to a shallow depth". This 
hydrophobic material is impermeable to electrolyte yet 
permeable to gas, thereby permitting gas accessability 
to the catalyst. 

In the construction of bipolar assemblies, as 

well as other assemblies used xn fuel cells such as 

current collecting assemblies and cooling assemblies 

wherein distribution of the reactants takes place, it 

is apparent that the effective containment of reactant 

. — — — ■ — ■ ~~ 

materials is important. In such assemblies it is also 
equally apparent that ^the assemblies should maintain 
electrical continuity and, in some cases, also provide 
a barrier against corrosive agents which are a neces- 
sary part of the stack from reaching those regions 
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within the stack that would be adversely affected 
thereby. Accordingly, the invention disclosed herein 
provides an integral^j[as_seAl_*or gas distribution as- 
semblies for use in fuel cells. It also provides pro- 
cess and apparatus for making such an assembly. 

SUMMARY OF THE INVENTION 

In accordance with this, invention, a porous 
gas distribution assembly, such as a bipolar assembly 
is provided with an integral inner impervious region. 
The imperv ious region can be formed in two porous 
pianes, prereramy carbon, at the interface betwee njhhjT 
two, plates by impregnating a sealant material therein. 
"When impregnated into the porous plates, the sealant 
material acts as a bond to hold the plates together in 
a single integral bipolar assembly. Grooves may be 
place d in the carbon plates on the outer facing sur- 
faces"" opposite the interface layer, the grooves of one 
plate being substantially perpendicular to the grooves 
of the other plate. The impervious region is such to 
prohibit reactant gases from mixing via through-plane 
transmission but permit electrical conductivity from 
plate to plate through the impervious region. A fuel 
cell, in accordance with the present invention, can 
employ a plurality of the porous bipolar gas dis- 
tribution plate assemblies including the inner impervi- 
ous regions. 

According to one embodiment of the process of 
the present invention, two porous plates o r lamina and 
a layer of seala nt material positioned in between the 
Vtates, ar e^r ovide d: Pressure and elevated tempera- 
ture are then applied to the plates and layer of 
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sealant material to melt the layer. The material in 
the layer impregnates the porous plates as it melts to 
bond the plates together. Through the proper selection 
of film thickness, pressure and temperature, the 
thermoplastic sealant film flows into the pores along 
the surface of each of the contiguous plates thereby 
effectively bonding one plate to the other and sealing 
each such plate along this common interface against gas 
transfer. Further, before the pressure on the bipolar 
assembly is removed, cooling is allowed to occur to a 
lower temperature. 

In one embodiment of this process, a 
thermoplastic film of sealant such as 
polyethersulphone , is sandwiched between two untreated 
porous carbon plates; this sandwich placed in a 
hot-press; the temperature of the hot-press elevated so 
as to heat the composite to a temperature in the range 
of approximately 500-700°F; and, the sandwich com- 
pressed under a pressure of approximately 200 to 500 
psi. The temperature can be maintained for a suitable 
period of time, such as a % hour, and the length of the 
compression cycle can vary with the flow characteris- 
tics of the various sealant materials. Subsequent to 
the completion of the compression cycle, the resultant 
sandwich can be maintained under the compressive load 
within the press and cooled to ensure fusion of the 
lamina prior to release of pressure. The composite bi- 
polar plate resulting from this process can thereafter 
be further machined to increase its gas distribution 
capacity, or, if the porosity of the plate is suffi- 
cient, used as is. 



0122150 

-9- 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with re- 
gard to the following drawings and description in which 
like elements have been given common reference numbers: 

Figure 1 is a schematic representation of a 
fuel cell assembly comprising a plurality of stacked 
fuel cells with intermediate cooling plates and termi- 
nal current collecting plates. 

Figure 2 is a perspective view of a portion 
of the fuel cell assembly of Figure 1 illustrating an 
individual fuel cell having bipolar assemblies in 
greater detail. 

Figures 3a-3c describe prior art methods" of 
forming bipolar plate assemblies used in the fuel cell 
stack systems. 

Figure 4 is a elevational view of the process 
of forming a porous bipolar gas distribution plate as- 
sembly in accordance with the present invention. 

Figure 5 is an elevational view of porous 
bipolar gas distribution plate assembly made in accor- 
dance with the process illustrated in Figure 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An exemplary fuel cell stack assembly 10 em- 
ploying a plurality of fuel cells 11 in accordance with 
this invention is now described with reference to Fig- 
ures 1 and 2. Hydrogen gas input manifolds 12 are ar- 
ranged along one side of the stack assembly 10. While 
a plurality of manifolds 12 are shown for each, group of 
fuel cells 11, if desired, a single manifold 
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arrangement could be used. The manifolds 12 are con- 
nected to a source of hydrogen gas 14. Hydrogen gas 
collecting manifolds 15 are arranged along the opposing 
stack side in correspondence with the gas input mani- 
folds 12. Here again, while a plurality of manifolds 
15 are shown, a single manifold could be used if 
desired. The collecting manifolds 15 are, in turn, 
connected to a hydrogen gas discharging or recirculat- 
ing system 17. The hydrogen gas from the input mani- 
folds 12 flows through gas distribution plates 18 to 
the collecting manifolds 15. 

In a similar fashion, a plurality of oxygen 
or air input manifolds (not shown) are arranged along 
the stack side (not shown) connecting the one stack 
side and the opposing stack side. These oxygen mani- 
folds are connected to an oxygen source 19. The oxygen 
may be supplied in the form of air rather than pure 
oxygen if desired. In a similar fashion, a plurality 
of collecting manifolds are arranged along the stack 
side (not shown) opposing the stack side having the 
oxygen input manifolds and connecting the respective 
one stack side and opposing stack side. These mani- 
folds would also be connected to an oxygen storage or 
recirculating system (not shown) . The oxygen or air 
from the input manifolds (not shown) flows through the 
oxygen gas distribution plates 20 to the respective 
collecting manifolds (not shown) . 

In this embodiment, cooling plates 21 are 
arranged periodically between adjacent fuel cells 11. 
Three cooling plates 21 are shown arranged intermediate 
each four cell 11 array. The cooling fluid flowing 
through the cooling plates 21 can be any suitable mate- 
rial such as a dielectric high temperature oil 
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manufactured by Monsanto under the trade name 
"Therminol." A pump 22 circulates the cooling fluid 
via conduit 23 and input manifold 24 into the respec- 
tive cooling plates 21. The cooling fluid then flows 

5 into collecting manifold 25 which is connected to a 
heat exchanger 26 for reducing the temperature of the 
cooling fluid to the desired input temperature, A con- 
duit 27 then connects the heat exchanger back to the 
pump 22 so that the fluid can be recirculated through 

10 the respective cooling plates 21. 

The fuel cells 11 and the cooling plates 21 
are electrically conductive so that when they are 
stacked as shown, the fuel cells 11. are connected in 
series. In order to connect the stack assembly 10 to a 

15 desired electrical load, current collecting plates 28 
are employed at the respective ends of the stack assem- 
bly 10. Positive terminal 29 and negative terminal 30 
are connected to the current collecting plates 28 as 
shown and may be connected to the desired electrical 

20 load by any conventional means. 

■r«< Each f^el ceJJ, J.1 is made up of a plurality 

of elements and includes a hydrogen gas distribution 
plate 18 and an oxygen or air distribution plate 20. 
Arranged intermediate the respective gas distribution 

25 plates 18 and 20 are the following elements starting 
from the hydrogen gas distribution plate 18; anode 31 , 
anode catalyst 32, electrolyte 33, cathode catalyst 34 
and cathode 35. These elements 31-35 of the fuel cell 
11 may be formed of any suitable material in accordance 

30 with conventional practice. 

The hydrogen gas distribution plate 18 is 
arranged in contact with the anode 31. Typically, the 
anode comprises a carbon material having pores which 
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allo w^the hydrogen fuel gas to pass through the anode 
to the anode catalyst 32. The anode 31 is preferably 
treated with Teflon (polytetraf luoroethylene) to pre- 
vent the electrolyte 33, which is preferably an 
iimnobilized acid, from flooding back into the area of 
the anode. if flooding were allowed to occur, the 
electrolyte would plug up the pores in the anode 31 and 
lessen the flow of hydrogen fuel through the cell 11. 

The anode catalyst 32 is preferably a plati- 
num containing catalyst. The cell 11 is formed of an 
electrically conductive material, such as a carbon 
based material except for the immobilized acid 
electrolyte layer which does not conduct electrons but 
does conduct hydrogen ions. The various elements, "l 8, 
31-35, and 20 are compressed together under a positive 
pressure. The electrolyte 33, such as phosphoric acid, 
is immobilized by being dispersed in a gel or paste 
matrix so that the acid is not a free liquid. An exem- 
plary electrolyte matrix could comprise a mixture of 
phosphoric acid, silicon carbide particles and Teflon 
particles. 

The cathode catalyst 34 and the cathode 35 
are formed of the same types of materials as the re- 
spective anode catalyst 32 and anode 31. Therefore, 
the anode 31 and the cathode 35 comprise porous carhJ, 
and the anode catalyst 32 and cathode catalyst 34 can 
comprise a platinum containing catalyst. The cathode 
35 can also be treated with Teflon to prevent the 
electrolyte from flooding back into the porous carbon 
30 comprising the cathode. 

All of the elements of the cell 11 are ar- 
ranged in intimate contact as shown in Figure 2. In 
order to provide an electrically interconnected stack 
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assembly 10, bipolar ass embly 36^is used to connect 
together adjacent fuel cells 11. A bipolar assembly 36 
is comprised of a hydrogen gas distribution plate 18 
and an oxygen or air^dlstribugi on - plat e" " 20 bonded to- 
/*gr g£her at inner imperviou s interface region 37 shown 
cross-hatched . Therefore, a bipolar assembly 36 is 
comprised of the hydrogen gas distribution plate 18 of 
one cell 11. and the oxygen or air gas distribution 
plate 20 of the next adjacent cell 11. The interface 
region 37 will be described in more detail hereinafter 
in connection with the description of Figures 4 and 5, 

In order to facilitate the gas flow in the 
gas distribution plates 18 and 20 f respective channels 
or grooves 38 or 39 are employed. The grooves 38* in 
the hydrogen gas distribution plate 18 are arranged 
orthogonally to the grooves 39 in the oxygen or air 
gas distribution plate 20. This allows the grooves to 
be easily connected to respective input and output man- 
ifolds 12 and 15, for example, on opposing sides of the 
cell stack assembly 10. Although grooves within a par- 
ticjjlai^ pilots, such as* plates 18 or 20, are shown as 
extending in a unidirectional manner in Figure 2, there 
also can be cross-channels made between these grooves 
to aid in the distribution of the fluidic reactant ma- 
terials. When such cross-channels are utilized, the 
primary flow of reactants is still in the direction of 
the grooves 38 and 39 shown in Figure 2; that is, in 
the direction that the reactants flow between the 
reactant' s input and collecting manifolds. 

The gas distribution plates 18 and 20 supply 
the respective hydrogen and oxygen or air gases to the 
surfaces of their respective anode 31 or cathode 35. 
In order to more evenly distribute the respective gases 
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at the anode 31 or cathode 35 plate surfaces , the gas 
di stribution pla tes 18 and 20 ^^^^"f a porous 
- material such as porous carbon! This allows the re- 
active gases to flow through the pores of the plates 
18 and 20 between the respective channels 38 or 39 to 
provide more uniform gas distribution over the face of 
the respective anode 31 or cathode 35. 

Referring now to Figure 3, prior art methods 
of forming bipolar assemblies are briefly described. 
In Figure 3a, assembly 300 of three plates, called the 
A-B-A assembly, is shown comprising two grooved porous 
carbon plates 302 and 304 and an impervious plate 306 
positioned between plates 302 and 304. The grooves in 
the carbon plates are gas distribution channels, each 
plate's channels (channels 308 in plate 302, the chan- 
nels in plate 304 are not visible in this figure) being 
substantially perpendicular to each other. The two 
porous plates are generally sealed along their edges so 
that the reactants cannot escape and mix with each oth- 
er. The impervious plate 306 prevents reactants from 
tterough«plwn)e-:^miaftl»ndhriait' is, r passage "from po- 
rous plate 304 to porous plate 302 through the plane 
of impervious plate 306. Electrical conductivity be- 
tween the plates 302 and 304 must be preserved, howev- 
er. The A-B-A assembly requires the addition of the 
plate 306, thereby causing extra steps in bonding the 
assembly together and increasing the size of the assem- 
bly by the thickness of the impervious plate 306. 

Figure 3b shows another prior art approach to 
providing a bipolar assembly. A single channeled po- 
rous carbon gas distribution plate 320 is shown al- 
though in use it is assembled with another such plate 
to form a bipolar assembly. After the channels 322 are 
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made, five or six layers of a suitable material such as 
a resin or carbo nized material are placed on o r 
impregnated into all surfaces. This technique 
substantially eliminates the surface porosity of the 
plate and significantly reduces the plate's ability to 
receive and store acid. Also, the sealing layer on the 
plate is quite thin and if damaged could reexpose the 
pores in sealing layer surface of the plate thereby 
providing a passage for unwanted through- plate 
transmission of reactant gases. 

Finally, Figure 3c shows a plating approach 
to bipolar assembly construction. A non-porous alumi- 
num plate 330 is used for gas distribution which has 
grooves 332 for reactant gas channels, since the alu- 
minum plate is not porous, it is unlikely to permit the 
unintended escape of reactants. However, this type of 
plate does not provide surface porosity for better dis- 
tribution of reactant gases to the electrodes. Also, 
the aluminum is subject to corrosion from the 
electrolyte used in the cell. To prevent this, a layer 
of non-corrosive material 334 has to be placed over the 
entire plate. Gold plating is used for this purpose 
and is obviously quite expensive. 

Referring now to Figures 4 and 5, the hot 
press method for manufacturing the integral impervious 
region 37 of Figure 2 is described in connection with 
Figure 4. m Figure 4, two porous gas distribution 
plates 402 and 404 are shown with a layer of 
thermoplastic sealant material 406 positioned between. 
The assembly of plates 402 and 404 and layer of sealant 
material 406 are pressed together under pressure in a 
press 410. The temperature of the assembly is elevated 
to a relatively high temperature while the pressure is 
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being applied causing the layer of sealant material 406 
to melt and diffuse into the pores of the plates 402 
and 404. The sealant material forms an integral imper- 
vious region 500, as shown in Figure 5, at the inter- 
5 face 502 of plates 402 and 404. Interface 502 is 
formed by pressing the plates 402 and 404 together into 
contact after the melting and diffusion of the layer 
406. 

When the proper amount of thickness of layer 

10 406, pressure and elevated temperature are used, the 
layer completely impregnates the adjacent plate sur- 
faces to form the impervious region 500 leaving sub- 
stantially no sealant material between adjacent plate 
surfaces. Intimate contact at the interface 502 of the 

15 plates 402 and 404 thereby results to provide, good 
electrical conductivity. The pressure from press 410 
preferably continues to be applied while the plates 402 
and 404 are allowed to cool to a lower temperature. 
This process results in the plates 402 and 404 being 

20 bonded and held in electrical contact by an impervious 
region -5,00 to form a single ^posous bipolar gas dis- 
tribution plate assembly designated generally 510 in 
Figure 5. The plates 402 and 404 have good surface po- 
rosity, no through- plane porosity for the transmission 

25 of reactants across interface 502, but good 
through-plane electrical conductivity between the 
plates . 

The porous plates 402 and 404 are preferably 
p orous carbon plates. For instance, the plates can be 
30 reticulated vitreous carbon (RVC) plates; needled- felt 
plates; o r graphite plates^ RVC plates have relatively 
large pores, approximately 0.1 to 1.0 millimeter size, 
while needled-felt plates have relatively small pores 
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approximately 0.01 to 0 . 1 millimeter size . Graphite ! 
plates can be made of the same material as that^oinmer^ 
cially available for use as industrial graphite e lec- 
^trodes ^ They are mol d ed or extruded^elements ma de^fronT 
graph ite particles. G raphite plates have relative ly v 
very small pores , approximately 0.001 to 0.01 millime- 
ter size. The graphite material is the preferred mate- 
rial for use as plates 402 and 404. 

Porous plates are preferred because cross 
grooves- can be eliminated, reactants can move around 
the clogs that may be formed in some of the pores, and 
any electrolyte in the area can be taken up. When de- 
signing the bipolar assembly , a balance must be made 
among, all of the above features as an aid in selecting 
optimum pore size. 

Any suitable material, including electrically 
insulating materials, can be used for the sealant 
material. For instance, suitable thermoplastic resin 
materials can be used. However, the operating 
temperatureof the fuel cell, the nature of the 
corrosion-precis^ ^tfohdlt'iSH'g^in: the cell, etc. , may 
require the materials used to be selected more 
carefully. For instance, when a hot electrolyte such 
as phosphoric acid at temperatures of about 350°- 450 °F 
is used in the cell, suitable candidate materials 
include FEP Teflon (fluorinated ethylene-propylene) 
polyparabanic acid , polyether sulphone , poly sulphone , 
polyphenylsulphone and PFA Teflon (perf lorinated alkoxy 
tetrafluoroethylene) . The material provides 

impervious bond between the porous plates 402 and 404 
after assimilation into the bipolar assembly and yet 
does not interfere with electrical conductivity. 
Suitable candidate materials for such use are FEP 
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Teflon (f louroinated ethylene-propylene) , polyparabonic 
acid and polyethersulphone. 

The pressure applied to the two carbon plates 
402 and 404 by press 410 must be great enough to force 
the two opposite surfaces of the plates together into 
intimate contact but must not be so great as to crush 
the plate material. In using RVC for plates 402 and 
404 f the pressure was lowered to approximately 200 psi 
since RVC material is very brittle and may crack at 
higher pressures. This may lead to a reduction in 
electrical conductivity when RVC is used since the 
points of contact on the adjoining surfaces would be 
fewer. In using nettled-felt plate material , a 
pressure of about 1260 psi was used. 

Once the assembly of plates and layer of 
sealant material are placed in the press 410 , the tem- 
perature is elevated to within a range of between ap- 
proximately 500 and 700° F r but preferably about 650 °F 
plus or minus 20°. Generally it takes three or four 
minutes for the assembly and the press to heat up to 
the elevated temperature and stabilize from the ambient 
room temperature during the melting of the layer 406. 

After heating takes place for the alloted 
time, the assembly is cooled, generally to about 350 °F 
under pressure. Cooling can take place naturally by 
turning off the heater, or by forced cooling such as by 
utilizing fans or a water spray. Cooling is continued 
until the sealant is sufficiently solidified at which 
time the pressure on the assembly can be removed. 

The dynamics of the hot-pressing cycle causes 
the sealant film to flow into the pores along the sur- 
face of each of the porous plates thereby effectively 
sealing the surface of each such plate along its common 
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interfacial boundary with the other without significant 
loss or impairment of the porous plate storage and/or 
gas distribution capacity. Since the sealant film has 
been redistributed within the pores of each such con- 
tiguous plate, or lamina, the distance between each 
such plate has been reduced, thus, maintaining continu- 
ity of electrical contact therebetween. Subsequent to 
the completion of the hot-pressing cycle, the com- 
pression of the sandwich can be maintained until the 
sandwich is adequately cooled to a temperature which 
results in solidification of the sealant within the 
pores . 

Any suitable thickness of sealant material 
can be used to form the plate. It has been found that 
thicknesses of about 0.005 to 0.020 inches have 
produced bipolar plates with good sealing ability. It 
has also been found that when the thinner sealant 
layers are used, it. is preferable to assure that the 
surfaces of the plates are relatively flat. They can 
be made flat by sanding or some other suitable 
technique . 

One example of a bipolar assembly produced by 
the process of the invention is as follows. A needled- 
felt carbon material approximately 0.100 to 0.125 inch- 
es thick, as supplied by Pfizer, Incorporated, was used 
for the gas distribution plates. A layer of 
polyethersulphone sealant material approximately 0.020 
inches thick was placed between the plates. The carbon 
plate-sealant assembly was then held together at ap- 
proximately 500 lbs. per square inch at between approx- 
imately 500° and 700° P for approximately h hour. The 
assembly was then allowed to cool to approximately 
300° F under a pressure of approximately 500 lbs. per 
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square inch. Using a 0.0200 inch thick layer of 
polyethersulphone, the resulting bipolar assembly was 
leak- tested with good results. 

Another example of a bipolar assembly 
produced by the process herein is using an extruded 
Great Lakes" carbon-type HLM plate having relatively 
fine pores for the gas distribution plates. A layer of 
polyethersulphone sealant material approximately 0.005 
inches thick was placed between the plates. The 
sealant-plate assembly was then subjected to a pressure 
of about 900 lbs. per square inch and a temperature of 
about 700 °P for about one hour. With the pressure 
still applied , the assembly was then cooled to about 
300 °P and then the pressure released. Another plate 
material used in this process was an Airco Spear 940G 
extruded graphite material. This latter material was 
found to be less expensive and exhibited better 
corrosion resistance as compared to the HLM plate. 

To facilitate distribution of the reacting \ 
gases , grooves may be placed in each of the porous 
plates, the grooves typically being approximately 1/16 
of an inch deep and approximately 1/16 of an inch wide. 
If the porous structure in the carbon plates is j 
sufficiently open, the grooves are not necessary. 
However, grooves are preferred, as are additional cross 
grooves to help overcome clogs and obstructions occur- 
ring in the carbon plates which may cut of f flow of the 
reactants . 

The patents and publications described herein 
are intended to be incorporated by reference herein. 
The invention may be embodied in other forms or carried 
out in other ways without departing from the spirit or 
essential characteristics thereof. For instance, 
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current collecting and cooling assemblies having porous 
plates for distributing reactants there through can 
also be manufactured as, and embody the structure ,. de- 
scribed here. If the other elements of the current 
collecting assemblies and cooling assemblies are made 
of impervious materials, such as aluminum, the further 
purpose of interfacial region 37 within the porous dis- 
tribution plate can be to prevent corrosion of the alu- 
minum plate by the electrolyte as well as bonding the 
aluminum and porous plates together. 

It is understood that a great number of 
combinations of temperature, pressure, and sealant 
materials can be utilized to make a desirable assembly. 
The temperature used should be sufficient to enable the 
sealant to flow into the pores of the plate. The 
pressure applied should be of sufficient value to place 
the two plate members in contact as the sealant flows 
into the pores. However, the pressure should not be so 
great as to cause crushing or other types of damage to 
the plates. 

It should, be understood that the foregoing 
description is only illustrative of the invention. 
Various alternatives and modifications can be devised 
by those skilled in the art without departing from the 
invention. Accordingly, the present invention is in- 
tended to embrace all such alternatives, modifications 
and variances which fall within the scope of the ap- 
pended claims. 



0122150 



-1- 

CLAIMS: 

1. An assembly for distributing- reactant materials 
in a fuel cell comprising two adjacent electrically 
conductive plate members forming an interface 
therebetween where they contact each other, at least a 
first of said plate members being made of a porous 
material suitable for distributing . reactant material from 
a surface thereof other than its surface forming said 
interface with the other plate member, the two plate 
members being integrally bonded to one another at their 
interface with a sealant material residing in the pores 
of said first plate member in the region of said 
interface whereby the two plate members maintain 
electrical contact with one another while preventing the 
reactant material from passing from said first plate to 
said other plate through said interface. 

2. An assembly as in Claim 1 wherein said other 
plate member is made of a porous material suitable for 
distributing another reactant material from a* surface 
thereof other than its surface forming said interface 
with the first plate member thereby forming a bipolar 
distribution assembly and, further, wherein said" sealant 
material also resides in the pores of said other plate 
member along said interface region thereof. 

3. An assembly as in Claim 1 wherein each of said 
porous plates includes a plurality of substantially 
parallel grooves, the grooves of one plate being disposed 
substantially orthogonally to the grooves of the 
remaining plate. 

4. An assembly as in Claim 1 wherein said porous 
plate member is made of a material selected from a 
reticulated vitreous carbon material, needled-felt carbon 
material, or graphite. 

5. An assembly as in Claim 1 wherein the sealant 
material is a thermoplastic resin material selected from 
the group consisting of fluorinated ethylene-propylene, 
poly sulphone , polyethersulf one , polypheny lsulphone , 
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perfluorinated alkoxy tetrafluoroethylene, and mixtures 
thereof. 

6. In a fuel cell stack assembly comprising a 
plurality of adjacent individual fuel cell units having 
contiguous porous gas distribution plates to . form a 
bipolar assembly, the plates being separated from one 
another by a gas impermeable, electrically insulating 
barrier, whereby electrical contact is maintained between 
such plates, the improvement comprising: 

a composite bipolar, assembly wherein contiguous 
electrically conductive porous plates are bonded in 
contact with one another along a common interface with a 
relatively insulating, thermoplastic sealant means; and 

said sealant means being principally 
distributed within the pores of each plate along said 
common interface to maintain substantial contact between 
said plates along said common interface whereby a secure 
physical union of each of said plates to the other with 
substantial electrical contact is maintained therebetween 
and a gas impermeable barrier is provided so as to 
prevent, diffusion of reactants from one plate to the 
other across their common interface. 

• 7 « - A process for producing a bipolar assembly for 
a fuel cell comprising: 

(a) providing at least two adjacent porous, 
conductive reactant distribution plates and a layer of 
sealant material positioned between said plates? and 

(b) applying pressure and elevated temperature 
to said plates and said layer to melt said layer and 
enable impregnation of the pores in the region of the 
plates along the adjacent surfaces of said plates wherebv 
the plates are bonded together to form an integral 
bipolar assembly which is electrically conductive. 

8. A process as in Claim 7 wherein said elevated 
temperature is between approximately 500° and 700°F., the 
pressure applied to said plates is at least approximately 
200 lbs. per square inch, and said sealant material is 
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selected from the group consisting of fluorinated. 
ethylene-propylene, polysulphone , polyethersulphone, 
polyphenylsulphone, perfluorinated alkoxy 

tetrafluoroethylene and mixtures thereof . 

9. A process as in Claim 7 further comprising the 
step of placing grooves on opposite sides of said bipolar 
assembly to distribute fuel cell reactant materials. . 

10. A process for the preparation of a bipolar 
assembly of composite construction comprising: 

hot-pressing a sandwich consisting essentially 
of a f ilni of thermoplastic, sealant between two . porous 
lamina at a temperature • in the range of from about 500°- 
700°F and at a pressure of at least about 200 psi so as 
to effect essentially complete redistribution . of the 
sealant into the pores along the surface of each such 
la m i n a along their common interface; and 

maintaining the pressure exerted thereon while 
sufficiently cooling said sandwich so as to ensure that 
said lamina remain bonded to one another upon release of 
such pressure. 
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